Abstract: Transpiration efficiency (TE, g biomass kg -1 water transpired) is the preferred measure for examining potential genetic variation in crop water use efficiency (WUE). TE was assessed gravimetrically from sowing to grain harvest in fifteen blackgram accessions, two checks and two local varieties under well-watered conditions during kharif season. TE biomass varied from 2.87 -5.27 g kg -1 and TE seed varied from 1.10 -2.03 g kg -1 among genotypes. High coefficient of variability was observed for seed yield and TE seed .Total biomass, TE biomass , HI and water transpired recorded medium coefficient of variability. High heritability in broad sense was observed for seed yield, TE seed and total biomass. High genetic advance as percent of mean was observed for seed yield, TE seed, total biomass and TE biomass. High heritability coupled with high genetic advance as per cent of mean was observed for seed yield, total biomass and TE seed .TE seed is significantly positively correlated with TE biomass (0.883 . TE biomass, seed yield per plant, total biomass and HI were the important components of TE seed as revealed by correlation studies.D 2 analysis partitioned the nineteen genotypes in to five clusters. The maximum inter cluster distance was observed between cluster II and V (24.94) and III and IV (22.6). Genotypes IC436665, IC343952 and Local II (Cluster III) had high mean values for TE biomass and TE seed along with total biomass and seed yield. These genotypes should be useful in future breeding programs for higher water use efficiency.
INTRODUCTION
The ability of crop to produce high yield per unit of available water is potentially important in affecting profitability and yield, in both irrigated and rainfed production systems. Genetically increasing crop water use efficiency is an effective strategy for increasing yield in dry environments (Condon et al., 2004; Blum 2009 ) as forecasts of increasing scarcity of water for agriculture remains a strong motivation for improving crop water use efficiency. Transpiration efficiency (TE) defined as the biomass production per unit of water transpired is the preferred measure for examining potential genetic variation in crop water use efficiency (WUE). Transpiration efficiency is WUE of plants alone (no soil water losses). Almost a century ago, Briggs and Shantz (1913) showed that crop species differ in their transpiration efficiency. Since then, the C 3 and C 4 photosynthetic pathways have been elucidated, and differences in transpiration efficiency have been related to them. Subsequent studies have identified genetic variation in transpiration efficiency within a species, example include groundnut (Ratnakumar et al.,2009 , Halilou et al., 2015 , cowpea (Ismael and Hall 1992, Halilou et al., 2015) ,wheat Richards 1984, Blum 2009 ) and sorghum (Hammer et al., 1997 , Xin et al., 2009 ) and breeding efforts have been made to include TE in the improved germplasm (Udayakumar et al.,1998) .Blackgram is one of the important short duration pulse crop fits into any cropping system of rainfed areas. Genotypic variation for biomass and grain yield in blackgram genotypes obtained from NBPGR Regional Centre, Hyderabad has been reported (Babu Abrahamet al.,2013 and Vijay kumar et al. 2014) . Therefore differences in water requirement might surely exist in these blackgram genotypes, but no accurate estimation of the water requirement is reported (Vijay kumar et al. 2014 ). The present investigation was undertaken with a view to quantify the genetic variation for water use and TE in blackgram genotypes (obtained from NBPGR Regional Centre, Hyderabad), to estimate genetic variance, heritability and genetic advance and to investigate the nature and magnitude of genetic diversity in 19 blackgram genotypes. -climatic zones of Telangana and Andhra Pradesh statesviz.,IC587753,  IC436720,  IC436519,  IC343947,  IC519805,  IC343952,  IC587752,  IC587751,  IC282009,  IC436753, IC436610, IC436665, IC398971, IC281987 and IC 436652, twonationally released varieties (LBG -20, T-9) and two local varieties were evaluated to know the genotypic variations in water use and transpiration efficiency from sowing to grain harvest (during kharif in rainout shelter facility) and identify genotypes with high transpiration efficiency and harvest index (HI). The experiment was a completely randomized block design with nineteen genotypes and three replications. Growth observations and water balance in pots quantified components of whole-plant TE. Transpiration efficiency was determined by a high throughput gravimetric method (Xin et al., 2008 ) with modifications. Whole plant level TE was determined gravimetrically in 12 liter plastic pots filled with a mixture of red soil and farm yard manure. Recommended dose of fertilizer was used. Two seeds were planted per pot and thinned to one plant at 7 d after emergence. The pots were then covered from both ends with poly bags. A slit was cut in the top bag to permit seedling growth. The slit was further sealed with a piece of clear adhesive tape.The poly bags were tightly fixed onto the pots with an elastic band. The initial weight recorded. The pots were weighed every 3 days (from 7 days after covering with poly bags) and measured quantity of water was supplemented through a funnel placed into the poly bag and again sealed with tape after watering. When the plants reached maturity, they were harvested at soil level and final pot weight was recorded. Individually plants were partitioned into pods, leaves, and stems and the dry weight was recorded. Total water used was calculated by subtracting the final pot weight from the initial weight and then adding the amount of water that has been applied at regular intervals. TE biomass was calculated by dividing the above ground dry biomass by the amount of water transpired; TE seed was calculated by dividing the seed yield by the amount of water used. Phenotypic and genotypic coefficients of variation (Burton, 1952) , heritability in broad sense (Allard, 1960) ,genetic advance as percentage of mean (Johnson et al., 1955) ,phenotypic and genotypic correlations (Falconer, 1964) were estimated and categorized as per the standard statistical procedures.Diversity analysis was done as per Mahalanobis's D 2 statistics and grouping was done based on Tocher's method (Rao,1952) .
MATERIALS AND METHODS

RESULTS AND DISCUSSION
There was significant genetic variation for all traits measured on a whole plant basis in blackgram genotypes (Table1). Phenotypic values for TE biomass and TE seed ranged from 2.87 to 5.27 g/kg and 1.10 to 2.15 g/ kg respectively. These values are in accordance with the WUE range reported for C 3 crops such as groundnut (Ratnakumar et al., 2009 , Halilou et al., 2015 . Wide range of variation was observed for most of the characters which indicated wide genetic diversity among the genotypes under study. Presence of wide spectrum of variability would enhance the chance of selecting desirable genotypes. The observed variability in the character may either be due to genotypic or environmental factors. Hence, it is essential to partition the observed variability into heritable and non heritable components by studying genotypic and phenotypic coefficients of variation. Phenotypic coefficient of variation was higher than genotypic coefficient of variation for all the characters which means that apparent variation was not only due to genotypes but also due to the influence of environment. However, narrow difference between genotypic and phenotypic coefficients of variation estimates indicated little influence of environment on the expression of these traits and variability was mainly due to genetic constitution. This implied phenotypic variability to be a reliable measure of genotypic variability. Phenotypic and genotypic coefficients of variation ranged from 13.08 and 9.10 (HI) to 27.03 and 21.93 per cent (seed yield) respectively (Table 2) . High coefficient of variability was observed for seed yield which indicated high variability for this character among the genotypes and there is a great scope for improvement of these characters by direct selection among the genotypes.High PCV for seed yield and plant biomass was also reported earlier by . Medium variability was observed for the remaining characters indicated variation for these characters was medium among the genotypes and there is a need for improvement of base population to increase the genetic variability and to fix the favourable alleles. For assessing the heritable variation, the magnitude of heritability is the most important aspect in the breeding material which has close bearing on the response to selection. Estimates of heritability ranged from 48.26 (water transpired) to 65.82 per cent (seed yield) ( Table  2 ).High heritability in broad sense were observed for seed yield, TE seed and total biomass which indicated that these characters were relatively less influenced by environmental conditions and phenotypic selection would be effective for the improvement of these characters. Previously, high heritability for seed yield and total biomass has also been reported in blackgram by Deepshikha et al. (2014) . Genetic advance as per cent of mean ranged from 13.02 (harvest index) to 36.65 per cent (seed yield) ( Table 2 ).High genetic advance as per cent of mean was observed for seed yield, TE seed, total biomass and TE biomass which indicated that these characters were governed by additive gene action and selection would be effective for improvement of these characters. Harvest index and water transpired showed medium genet-ic advance which indicated that these characters were governed by both additive and non additive gene actions and selection might prove ineffective for the improvement of this character. High heritability coupled with high genetic advance as per cent of mean was observed for seed yield, total biomass and TE seed which indicated that most likely the high heritability might be due to additive gene effects hence; it could be improved by simple selection methods like pureline selection, mass selection, progeny selection or family selection. The results are in conformity with the findings of Deepshikha et al. (2014) and Vijay et al. (2014) for seed yield per plant and total biomass. As indicated by GCV, genetic variation was high for seed yield (21.93%) and medium for total biomass (16.28) and water transpired (10.89%) which are components of TE (Table 2 ). However, there was proportionally less genetic variation for TE biomass (12.96%) and TE seed (19.61%) as compared to individual components, as indicated by the smaller genetic CV for this trait compared with the two components of this ratio. Harvest index ranged from 26.75 to 42.42% with a mean of 36.7%. GCV was low for HI (9.10%) and low GCV of this character can be due to medium variation in total biomass inspite of high variation in seed yield.
Broad sense heritabilities were high (>60%) for the characters viz., total biomass, seed yield and TE seed and it was medium for HI, water transpired and TE biomass. Knowledge about the nature and extent of association among different biometrical characters will be useful to identify the key characters for which selection can be fruitfully made. High magnitude of genotypic correlations indicated that there was a strong inherent genetic association between the various characters studied. TE seed is significantly positively correlated with TE biomass (0.883 ** ), seed yield per plant (0.805 ** ), HI (0.757 ** ), and biomass (0.572 * ) (Fig.1) . Grain yield is significantly correlated with total biomass (0.883 ** ), HI (0.662 ** ),TE biomass (0.697 ** ) (Fig.1) . Water transpired is highly correlated with biomass (0.596 * ) and negatively with TE seed (-0.213) .Similar positive and significant correlation of seed yield with total biomass and HI were reported in blackgram by .Correlation among component characters revealed that strong positive associations among desirable component characters, hence selection criteria should consider all these characters. Multivariate analysis using Mahalanobis D 2 statistic provides a useful tool for measuring the genetic diversity with respect to all the characters considered to- gether. Analysis of variance for dispersion showed highly significant mean sum of squares due to genotypes. Test of significance using Wilk's criterion revealed highly significant V statistics. The D 2 values were computed for all possible pairs of combinations from the mean values of 19 genotypes for 6 characters. Ranking character wise D 2 values and adding the ranks for each character for all the genotypes had done to identify the characters that contributed maximum towards divergence. Contribution of different characters towards genetic divergence is presented in Table 3 . TE seed showed highest contribution of 32.75% followed by total biomass (22.22%), TE biomass (16.96%) and water transpired (14.04%).High % contribution of these characters towards genetic diversity indicated these characters can be used as parameters in selecting genetically diverse parents for hybridization. Nineteen genotypes were grouped in to 5 clusters. The compositions of different clusters along with number of genotypes are given in Table 4 . Cluster I was the largest with 11 genotypes and II and III with three genotypes each and remaining clusters were solitary. Presence of solitary clusters indicated the extreme phenotypic performance in positive or negative directions for one or the other character included in the present study. Random pattern of distribution of accessions into various clusters from different eco-geographic regions revealed that there was no parallelism between genetic diversity and geographic diversity. The nature of selection forces operating under one ecogeographical region seemed to be similar to that of other regions since the accessions from different geographical regions were grouped together into same clusters. This would be due to the similarity of objectives and conditions under which the types were bred and domesticated in different localities. By observing the cluster composition, it was evident that accessions of same geographical origin (Telengana and Andhra Pradesh) were scattered into four different clusters. The existence of wide genetic diversity among the accessions chosen from the same geographical region was thus obvious. The wide divergence noticed might also be indicative of crop adaptation for wide environmental conditions under which this crop was grown. Inter and intra cluster genetic distance (D) values among five clusters are presented in Table 5 . Inter cluster D values ranged from 4.50 (I and II) to 24.94 (II and V). High inter cluster distance between cluster II and V and III and IV suggested genotypes belonging to the clusters separated by high statistical distance could be used in recombination breeding for obtaining high heterotic responses and better segregants. Intra cluster values ranged from 0 to 6.78. Maximum intra cluster distances were recorded by cluster III indicated these cluster had the accessions with varied genetic divergence while accessions of clusters I and II showing minimum intra cluster distance genetically resembled to each other and might have come from . of genotypes  Genotypes  I  11  IC436610, LOCAL -1, IC282009, IC587751, IC281987, IC436652, IC398971,  IC343947, IC519805, IC436519, IC436753  II  3  IC436720, LBG-20, IC58775  III  3  IC436665 , LOCAL -II, IC343952 Cluster mean values were given in Table 6 . Total biomass ranged 10.27 (V) to 15.68 g/pl (III). Seed yield ranged from 3.61 (IV) to 6.49 g/pl (III). Harvest index ranged from 26.75 (IV) to 42.43 (V). Water transpired ranged from 2.28 (V) to 3.57 Kg/pl(IV). Biomass ranged from 3.13 (II) to 4.64 g/kg (III). TE seed ranged from1.08 (IV) to 1.91 g/kg (III).
Conclusion
There was significant difference between genotypes for all the characters studied. Seed yield showed high variability, heritability and genetic advance as per cent of mean which indicated additive gene action for the expression of this character and scope of simple selection for improvement of this character. TE biomass, seed yield per plant, total biomass and HI were the important components and due weightage should be given on these characters in selection programme for TE seed . T-9 (cluster V) with high TE biomass and TE seed transpired low amount of water is having low biomass. Cluster III (IC436665, IC343952 and Local II) had high mean values for total biomass( 15.68 g/pl), seed yield (6.49 g/pl), TE biomass (4.64g biomass/kg water transpired) and TE seed (1.92g seed/kg water transpired) and for harvest index (41.5%) and water transpired (3.40 kg/plant)this cluster was ranking second. Selection of genotypes can be done from this cluster for best combination of these characters. Divergent parents can be selected from cluster III and IV and II and V.
